Introduction
Infant mortality is a major public health problem in the United States. Prematurity and low-birth-weight (LBW) are major risk factors for infant mortality (IM) and continue to be a health challenge in the United States. LBW newborns are those weighing less than 2,500 grams, either because they were born premature (less than 37 weeks' gestational age) or growth restricted prior to birth (birthweight less than the 10th percentile for gestational age). Nearly 70 percent of all IM is associated with LBW and prematurity, as are about one-third of all congenital malformations. LBW babies are more likely to die within their first month of life than normal birth weight babies. Data from the National Center for Health Statistics has shown that prematurity and LBW are the second and third leading causes of infant death in the US; however, they are the leading causes of death for African American infants. Over 13% of African American babies are categorized as being born of LBW and 18.2% are born premature [1] [2] [3] .
Many studies have shown that traditional risk factors alone do not explain the disproportionate occurrence of prematurity, LBW and consequent infant mortality among African American women compared to other racial/ethnic groups [4] [5] [6] [7] [8] . Efforts to identify the underlying factors and mechanism(s) responsible for these birth outcomes have centered on the idea that pregnancy is a relatively acute condition. As such many attempts to understand preterm birth and LBW have been narrowed to factors that relate to the time course of pregnancy and to that of the perinatal period. Yet there is growing evidence that suggests that factors and conditions that pre-date pregnancy are important determinants of pregnancy outcomes [9] .
Substantial evidence is accumulating to suggest that intergenerational factors play an important role in determining the quality of birth outcome [10] [11] [12] [13] [14] [15] [16] [17] . Intergenerational factors may be defined as those factors, including exposures and experiences that signify the health of one generation that may influence the growth and development of subsequent generations [12] [13] [14] [15] [16] [17] [18] . Intrauterine experiences that relate to maternal social interactions as well as genetic and/or environmental factors that potentially influence nutritional status, growth and subsequent development of the fetus have been associated with poor birth outcomes. Mother's health prior to conception, in addition to social and environmental circumstances that mothers were exposed to during childhood, have been suggested to influence reproductive outcome [12] [13] [14] [15] [16] [17] [18] .
Several chronic diseases affecting women are also risk factors for poor pregnancy outcomes. These factors may have hereditary and environmental predispositions that affect women across generations. Barker et al. identified an inverse relationship between fetal/placental size and hypertension and ischemic heart disease [19, 20] . Other investigators have found an association between birth weight and hypertension, [21] breast cancer [22] and insulin resistance [23] . Similarly, others have identified an association with pre-term birth and stress [24] [25] [26] . Stressors of different types to include psychological, biological, environmental and/or socio-economical have been suggested to be influential in the occurrence of disproportionate numbers of poor birth outcomes among African American women [27] [28] [29] . Social disadvantage or inequalities like racism and racial discrimination have been studied and recognized to negatively impact health across ethnic groups and have been suggested, in part, to explain the unequal distribution of premature and LBW African American infants compared to European American infants [29] [30] [31] [32] [33] [34] [35] [36] [37] .
Over the years, it has been reported that the health of the mother during childhood influences subsequent birth outcomes [12, [15] [16] [17] 38] . Studies have shown that the health of the mother (which also includes the social and environmental conditions under which the mother spent her childhood) is an important determinant of her reproductive experience [12, 17] . Additionally the mother's fetal experiences should also be taken into account when trying to predict subsequent pregnancy outcomes. Considerable evidence exists to strongly suggest that the intrauterine conditions of the mother are extremely important for her own growth and development during childhood and that of subsequent offspring [9, 12] . Studies have shown that women tend to produce offspring of similar birth-weight and gestational age characteristics independent of maternal age, birth order, and complications of pregnancy, labor or delivery [12] .
Several investigators have reported that women who were themselves born of LBW are more likely to have offspring who are LBW [11-13, 16, 38, 39] . Studies reported that maternal LBW influences infant LBW independent of adequacy of prenatal care and other sociodemographic factors. They also have reported that there were a disproportionately greater percentage of African American LBW infants (compared to European American infants) whose mothers were LBW. Additionally, studies have shown a persistent racial disparity among non-LBW mothers whose infants were LBW [15, 16, 38] . While it has been shown that the disproportionate occurrence of LBW among African Americans compared to European Americans may be attributable to maternal LBW, the racial differences in LBW offspring continues among non-LBW mothers. Studies of the Illinois birth cohort (1989-1991) by race and maternal birth weight (1956) (1957) (1958) (1959) (1960) (1961) (1962) (1963) (1964) (1965) (1966) (1967) (1968) (1969) (1970) (1971) (1972) (1973) (1974) (1975) have shown that former non-LBW mothers who received sufficient prenatal care and who were college educated, experienced a larger incidence of poor birth outcomes among African American than among European Americans infants [17] . Other investigators have reported that maternal LBW influences subsequent infant LBW and is not confounded by traditional risk factors-maternal age, education, marital status and prenatal care [11, 14, 38, 40, 41] . Although maternal LBW has been shown to be a major risk factor for the offspring LBW there may be only moderate risk for infant prematurity [38, 42] . For example Klebonoff et al.,1987 , in the Tennessee birth cohort (1979) (1980) (1981) (1982) (1983) (1984) linked by birth certificates for mothers (born 1959-1966) , has shown that maternal LBW was moderately associated with infant gestational age but strongly associated with small for gestational age (SGA) delivery [38] .
Although studies have examined the association between maternal and infant birth outcomes, few studies have examined the association of maternal birth outcome on infant mortality. This study was designed to examine the influence of maternal LBW and preterm birth on infant mortality. The conceptual framework for this study is built on previous landmark research by Susser that seeks to understand health disparities in a complex set of contextual environments [43] . In addition to genetic factors, this model examines environmental, behavioral and social factors, all of which, may influence poor birth outcome across generations.
Methods

Data Source and Settings
This study utilized the 1997-2007 Virginia birth and infant death registry data collected by the office of the Director for Health Statistics (DHS), Virginia Division of Health Statistics. The infant birth and death data was linked to maternal birth registry data using the mother's maiden name and date of birth. All infant deaths (cases) and randomly selected infant births (controls) occurring during this time were linked to maternal birth registry data using the mother's name and date of birth. From the mother's birth registry data, the grandmother's demographic and pregnancy history was obtained. The dataset included infant deaths (n = 1,131) and randomly selected infants who survived the first year of life (n = 1,200).
This study excluded multiple plurality births (n = 270 infants) and mothers who were not born in Virginia or whose birth record was not found in the Virginia Birth Registry (N = 1319). This resulted in a final sample of 414 singleton infant deaths and 328 live infants whose data was linked to maternal birth registry dataset. Compared to Mother-infant pairs whose records were found, those infants with missing grandmother's information were more likely to survive the first year of life, older (27.9 vs. 26.9 years old), White (56.1% vs. 46.1%) and have some college or more education (11.6% vs 8.9%).
Definitions
The main outcome variable, infant death was defined as death of a live born infant occurring before the first birthday. The main independent variables examined in this study included maternal preterm birth and LBW. Gestational age was categorized as preterm birth (gestational age \37 weeks) and term birth (gestational age C37 weeks). Birth weight was categorized as LBW (\2,500 grams) and normal birth weight (C2,500). Covariates examined included race/ethnicity, age, education, marital status, adequacy of prenatal care (Kotelchuck index), tobacco use during pregnancy (yes/no), alcohol use during pregnancy (yes/no), illicit drug use during pregnancy (yes/no), and methods of payment. Maternal race and ethnicity data were combined into a single variable with four categories: nonHispanic White, non-Hispanic black, Hispanic and other. However, due to the small numbers of Hispanic and other groups, the analysis was focused on the Non-Hispanic White and Black data. Maternal age was grouped into six categories: 19 years and under, 20-24, 25-29, 30-34, 35-39, and 40 years and older. Maternal education reflected the highest level attained at the time of birth and was categorized into three levels: \12, 12, and [12 years. Marital status was categorized as married and unmarried, which included the single, divorced, widowed and separated groups. Illicit drug use was coded ''Yes'' if a mother indicated that she had used any of the following drugs during their pregnancy: heroin, marijuana, cocaine, or amphetamines. Method of payment was coded as either Medicaid, private insurance, or self-pay.
Data Analysis
Preliminary unadjusted analysis was conducted to examine the association between infant death and maternal birth weight and gestational age at births. Additionally, factors affecting infant mortality were also examined. Logistic regression modeling was used to estimate adjusted odds ratios and their 95% confidence intervals for maternal LBW and preterm births. OR and 95%CI were also calculated to examine the association between infant and maternal birth weights and infant and maternal gestational age. All data analyses were generated using SPSS software.
Results
Characteristics of the study population are described in Table 1 . The study showed that there was a statistically significant difference between infants who died in the first year of life and those who were alive. Mother's of infants who died were more likely to be younger, born from a younger mother, have lower mean birth weight and gestational age at birth. Infant who died were also more likely to have LBW and born preterm. Table 2 shows factors associated with infant death. Categorical analysis of age showed that women who were 20-24 years of age were 5.3 times more likely to have infant deaths compared to those who had their babies between 30 and 34 years of age. Grandmother's age was also statistically associated with infant deaths. A mother who was born from a teen grandmother was 2.7 times more likely to have an infant death compared to those who had their babies when they were 25-29 years of age. Compared to White women, Black women were 3.7 times more likely to have an infant death. However, having a Black grandmother was protective. Women who had high school or less education were nearly 6 times more likely to have an infant die within the first year of life compared to women who had college education. Tobacco and illicit drug use were significantly associated with infant deaths. Although not statistically significant, women who reported self-pay for prenatal and birth related services were 1.2 times more likely to have infant deaths compared to those who had Medicaid. Additionally, infant's gestational age and birth weight were significantly associated with infant death. Compared to infants who had normal birth weight, those with LBW were nearly 25 times more likely to die in their first year of life. Similarly, infants who were born before 37 weeks of pregnancy were nearly 16 times more likely to die as infants compared to those born after 37 weeks of pregnancy.
There was a statistically significant association between mother's birth weight and infant death ( Table 2) . Women who were born with LBW were 2.4 times more likely to have infant deaths. Similarly, mother's gestational age at her birth was also associated with infant death. Women whose gestational age at birth was less than 37 weeks were 2.6 times more likely to have an offspring that resulted in an infant death. When the data was adjusted for grand mothers age at birth of the mother these associations remained significant (Table 3 ). Compared to women who were born with normal birth weight, those born with LBW were 2.3 times more likely to have an offspring that resulted in an infant death. Maternal gestational age was also significantly associated with infant death. When compared to women who were born at or more than 37 weeks of pregnancy, those who were born before 37 weeks of gestation were 2.2 times more likely to have an offspring that resulted in an infant death.
Stratification by race showed that there was no statistical association between maternal birth weight and infant death among Whites (Table 3) . However, a strong association was observed in Blacks. Black infants born from mothers with LBW were nearly 3 times more likely to die compared to those born from mothers with normal birth weight.
Although no statistically significant association was found between maternal gestational age and infant deaths among Whites, there was a nearly three times risk of infant death for Blacks who were born early (\37 weeks).
Discussion
This study reported a statistically significant association between infant mortality, maternal birth weight and gestational age. The study also showed a racial difference in this association. Although there was no statistically significant association between infant mortality and maternal birth weight and gestational age among Whites, this study found a statistically significant association among Blacks. Consistent with the literature, this study affirmed that LBW, preterm births, maternal age, race, education, number of prenatal visit, and insurance status were significant risk factors for infant mortality [3] .
Limited studies have explored the impact of maternal birth weight and gestational age on infant mortality. In this study maternal LBW and gestational age have been shown to be risk factors for infant LBW and subsequent infant death, particularly among African American's. Previous studies have suggested that the contribution of mother's early in utero exposures, early developmental and overall life-long experiences markedly influence her reproductive potential and subsequent pregnancy outcome [12, 18, 40] . Racial differences in birth outcomes of infants born to LBW mothers may be explained by differential exposures to biological, psychological, environmental and/or socioeconomical factors over the life course of these mothers. Some studies suggest that LBW mothers with adequate and reliably reported gestational ages may be smaller as a result of diminished intrauterine growth [11, 14, 38, [41] [42] [43] [44] . Emanuel suggested that diminished intrauterine growth may be due to smaller organ size resulting from less individual cell cytoplasm as opposed to a fewer numbers of cells [45] . As such, he and others proposed that intrauterine growth rate deficits may be associated with a non-genetic transmission component of intergenerational effects on birth weight [39] [40] [41] [42] [43] [44] [45] . Environmental and social factors that lead to chronic stress have been linked to poor birth outcomes [24] [25] [26] . It is postulated that stress may affect the offspring directly through the release of natural chemicals such as cortisol into the bloodstream, or indirectly by increasing negative health behaviors as a reaction to stressors [46] . Those women who experience a great deal of stress, perhaps due to socioeconomic status, behaviors, or environment, are more likely to have preterm deliveries, or give birth to LBW infants. Additionally, animal studies indicate that high levels of stress during pregnancy are associated with poor birth outcomes [47] . The associations in this study may also be explained by the existence of a genetic predisposition to poor birth outcomes.
Several chronic diseases affecting women are also risk factors for poor pregnancy outcomes. These factors may have hereditary or environmental predispositions that affect women across generations [19] [20] [21] 23] . It is also possible that there may be considerable genetic and environmental interactions that cause poor birth outcomes. Studies have also reported that social support and coping strategies lead to better birth outcomes, emphasizing the role of environmental over genetic influences [48, 49] . Several studies have reported that LBW women tend to have LBW offspring that may be associated with intergenerational effects [11] [12] [13] [14] [15] [16] [17] [38] [39] [40] [41] [42] . This study examined the influence of maternal birth outcome on infant mortality using intergenerational birth outcome data. Despite its strengths in examining this complex issue, this study has a number of limitations. One of the major limitations is the lack of potential confounding variables in the birth certificate data. As a result, this study was unable to control for environmental, social and biological influences affecting these associations. Additionally, a significant proportion of the data was excluded due to lack of matching maternal records. It is possible that many of the mother's were not Virginia residents; however, it is also possible that the data was more complete for infant deaths due to improved data reporting or collection methodologies for infant deaths. As a result, this study may have selection bias. Mothers with the missing intergenerational records were more likely to be White and educated. Since these factors are associated with improved birth outcome, it is possible that the findings in this study were overestimated.
In conclusion, this study reported a statistically significant association between infant mortality, maternal birth weight and gestational age. Considering infant mortality is a major problem disproportionately affecting African Americans, this study provides the hypothesis that intergenerational influences may play a significant role. In this study, LBW and premature African American mothers were much more likely to produce infants that were LBW and premature as well and subsequently die within their first year of life. These findings also suggest that there exists a strong fetal component associated with African American LBW mothers that contributes to the racial disparity in subsequent infant LBW, prematurity and death. These findings substantiate and expand the reports of earlier investigators that there are maternal in utero elements that contribute to the poor reproductive outcomes of African American infants [8, 12, 16, 17] . However it is recognized that the overall impact of intergenerational influence on poor birth outcomes of African Americans may be summarily due to factors related to genetic influences, lifelong environmental stressors and the resultant disproportionate exposure to disadvantaged and inequitable conditions [8, 17] . Public health workers, program planners and policy makers should be aware of these potential influences in allocating resources for research and public health programs.
Future studies should involve conceptual models that include larger cohorts that would allow for further stratification across race of traditional variables but also variables that would include residential living conditions and other environmental influences on infant mortality. 
